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7t) (1// it'hom, if n city conce in: 
3e it known that I, Bir U No W. No DBERG, . 

a citizen of the United States, residing at 
Milwaukee. in the county of Milwaukee and 
State of Wisconsin, have invented certain 
new and useful improvements in Engines, 
of which the following is a specification, ref 
erence being had to the accompanying draw 
ing, forning a part thereof. 
This invention relates more particularly 

to engines of the central exhaust type. Which 
are usually provided with condei?se's. 
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reversed. 

The main object of the invention is to pro 
vide for eliminatiing or reducing compres 
sion on the return strokes of the pistor in 
an engine of this type, in order that it may 
be maneuvered or its operation controlled 
with precision. 

It consists in the provision of a central 
exhaust port engine with at Niliary exhaust 
valves and with means for bringing such 
valves into operation so as to eliminate or 
reduce compression when the engine is in 
slowly and it is desired to control its opera 
tion with precision, and it consists further 
in the peculiar construction, arrangement 
and combination of parts as he reinafter al 
ticularly described and pointed out in the 
claims. 

In the accompanying drawing like charac 
ters designate the same parts in the several 
figures. - 

Figure 1 is a view partly in side elevation 
and partly in vertical axial section of a por 
tion of an engine embodying the invention: 
and Figs. 2 and 3 are diagrams illustrating 
the operation of the engine. 

in engines of the mid-cylinder or central 
exhaust type there are ordinarily no exhaust 
valves, but the piston, which is of somewhat 
less length than the length of the cylinder 
and the stroke of the piston is adapted to . 
uncover the central exhaust port and thereby 
alternately open the opposite ends of the 
cylinder to exhaust as the piston approaches 
the ends of its stroke and its movement is 

The exhaust port is opened for a 
comparatively short time, from about one 
tenth to about fine-sixth of the period of one 
revolution of the crank shaft. On the re 
turn strokes of the piston the steam confined 
in the cylinder is compressed. Fig. 3 show 
ing an indicator diagram.}}lustrates the dis 
tribution of the steam or working fluid in 
the cylinder of an engine of this kind when 
running under normal conditions. In this 

diagram a represents the admission period, 
and l the expansion period. At the point c 
the piston begins to uncover the exhaust 
port. At d the piston reaches the end of its 
working stroke, and on its return stroke at 
the point e, closes the exhaust port, so that 
during the period while the piston is travel 
ing the distance f on its forward or working 
stroke and back the same distance on its re 
turn stroke, the exhaust port is opened. The 
path described by the crank pin of the en 
gine is partially indicated on this diagram 
by the dotted line 9, and the period diring 
which the exhaust valve is open, by the angle 
h. On the return stroke of the piston from 
the point e to its end, the steam or working 
fluid is compressed as indicated by the curved 
line e-i. In an engine of this kind, how 
ever, the supply of the steam or working 
fluid to the cylinder is controlled and regul 
lated, the compression is substantially con 
stant, and progresses according to the line 
e-i. If such an engine is used for hoisting 
or similar purposes where it is necessary to 
maneuver or control its operation with pre 
cision so that it can be run backward or 
forward at very low speed. and where it is 
necessary to stop with accuracy at certain 
points in the stroke of the piston, the com 
pression above mentioned is a very trouble 
some factor, making it impossible to stop the 
engine with precision and also difficult to 
start it. 

Referring to Fig. 1 of the drawing, 1. 
designates an engine cylinder surrounded at 
the center by a belt or passage 2 and having 
a circumferential series of openings 3 com 
municating with said passage and forming 
the main mid-cylinder cr central exhaust 
port. The main exhaust pipe 4 is attached 
to the cylinder and communicates with the 
passage 2. At its ends the cylinder is pro 
vided with inlet ports 5 and auxiliary ex 
haust ports 6. These are preferably formed 
as shown, in the cylinder heads. The inlet 
ports are controlled by rotative or other suit 
able valves 7, one of which is shown at the 
right, and these valves may be operated uri 
der the control of the governor, by Corliss 
or other suitable valye gear, as shown at the 
left, Fig. 1. 
As engines of this type usually have a long 

cylinder and piston stroke, the piston, which 
must consequently be comparatively long, 
preferably consists of two heads 8, separated 
by an insulating space with which the mid. 
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exhaust port 3 communicates on each stroke 
of the piston and in which a vacuum or par 
tial vacuum is thus produced and maintained 
while the engine is in operation. This con 
struction not only reduces the weight of the 
piston, but also obstructs the passage of heat 
through it from one end of the cylinder to 
the other. However, for engines of com 
paratively short stroke the pistori may be 
made with a solid or single head. 
The auxiliary exhaust ports 6 are con 

trolled by rotative valves.9, registering with 
ports 10, which communicate with branch 
pipes 11 connected with the main exhaust 
pipe 4. The exhaust, valves. 9, which are of 
comparatively small size, are operated from 
a wrist plate 12 by mechanism resembling 
Corliss valve gear, as shown at the left, Fig. 
1. As the exhaust valves and operating 
mechanism are the same at both ends of the 
cylinder, that at one end only will be speci?i 
cally described. This mechanisin comprises 
a rocker arm 12, which is fixed on the valve 
stem and is provided with a trip steel or 

25 block, a rocking valve actuating lever 3, 
which is fulcrumed on the valve bonnet con 
centrically with the valve stem, and a trip 
hook 14, which is piyoted to the lever 13 and 
provided with a trip steel or block adapted 
to coöperate with the trip steel or block on 
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30 
the arm 12' to open the associated valve 9. 
The lever 13 is connected by a rod 15 with 
the wrist plate 12. A spring 5 or other 
suitable device, tends to hold the trip hook 
14 in position to coöperate with the arm 12, 
for opening the valve 9. The hook 14 has 
an arm 17, provided with a roller 18 for 
turning and holding the hook out of opera 
tive position for opening the valve. The 
arm 17 is of such length and is of such angu 
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is in operative position for opening the 
valve, the roller 18 will be in axial aline 
ment with the valve stem; as shown. 

fulcrumed on the valve bonnet or other part 
of the engine, is adapted in one position, as 
shown by full lines, Fig. 1, to release the trip 
and in another position, indicated by a 
dotted line, to throw and hold said hook out 
of operative position for opening the valve. 
The cam or lever 19 is connected by a sys 
tem of levers and rods 20, 21, 22, 23, 24, 25, 26 and 27 with the counterpoise 28 of a cen: 
trifugal governor 29, so that when the en 
gine runs slowly and the counterpoise is 
down, the knock-off or releasing lever will 
be held in the position in which it is shown 
by full lines, and the auxiliary exhaust valve 
will be opened during the latter part of the 
return stroke of the piston, and closed dur 
ing the working stroke of the piston, but 
when the engine runs at normal or high 

es speed, and the counterpoise of the governor 

60 

lar relation to the hook that when the hook 

A knock-off or releasing cam or lever 19, 

hook 14 and permit it to open the valve 9, 
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is lifted, the knock-off or releasing lever 19 
will be held in the rosition indicated by the 
dotted line, thereby preventing engagement 
of the trip steels or blocks and allowing the 
valve 9 to remain closed during both the 
working and return strokes of the piston. 
The hook 14 is formed with a heel or shoul 
der 30, which in either position of the knock 
off or releasing lever 19, is adapted to en 
gage with the arm 12' and close the valve.9, 
when the lever 13, is moved by the wrist 
plate in the direction indicated by an ar 
row, Fig. i. The valve 9 is arrested and 
held in closed position by a stop 31 with 
which the arm 12 engages when the valve is 
closed by the shoulder 30 on the hook 14. 
The lever 25 is weighted, so that when the 

engine is run slowly and the counterpoise 28 
of the governor is down, the cam or lever 
19 will be held in releasing position, as shown 
by full lines on the drawing, thereby caus 
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ing the auxiliary exhaust valves 9 to open 
and close as hereinbefore explained. Under 
these conditions the distribution of steam or other working fluid in the engine cylinder 
will take place as illustrated by the indica 
tor card or diagram shown in Fig. 2. Ac 
cording to this diagram the admission of 
steam or other working fluid takes place 
from i to k. From k to lit expands, and at l 

90 

95 
the central exhaust port. is opened and re 
mains open during the period represented 
by the curved line -m. In the meantime, 
the auxiliary exhaust valve 9 is opened, 
thereby preventing corhpression of the steam 
or working fluid on the return stroke of the 
piston, so that the exhaust line man is sub 
stantially straight. 
closes, thereby producing a slight compres 
sion, indicated by the curve at the lower end 
of the line j-n. If desired, the auxiliary 
exhaust valves may be closed exactly on dead 
centers, thus completely eliminating com 
pression. With a distribution of the steam 
or working fluid, as illustrated by this card 
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At in the exhaust valve 
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or diagram, the engine can be easily ma 
neuvered, and its operation controlled with 
precision. 
When the speed of the engine is increased 

sufficiently to lift the counterpoise 28 of the 
governor, and while it continues to run at 
high or normal speed, the cam or lever 19 

15 

will be shifted by its connection with the 
governor and held in position, as indicated 
by dotted lines, to prevent the opening of 

the engine is reduced sufficiently to permit 
the counterpoise 28 of the governor to drop, 
as shown by full lines on the drawing. 
When the engine runs at high or normal 
speed, distribution of the steam or working 
fluid will take place in the cylinder, as illus 
trated by the indicator card or diagram, Fig. 
3, and as hereinbefore explained. . . 
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the auxiliary exhaust valves 9, which will 
remain closed and inactive until the speed of 
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For manually shifting the knock-off or re 
leasing cam or lever 19 independently of the 
governor, a hand lever 32 is connected by a 
rod 33 with the weighted lever 25, the rods 
26 and 33 having slot and pin connections 
with the lever 25 to permit turning said 
lever into releasing position by eitheir con 
nection independently of the other. 

Various changes in the construction, ar 
rangement and combination of parts may be 
made without departure from the principle 
and scope of the invention as defined in the 
following claims. - 

ciain : 
1. In an engine the combination with a 

cylinder having a central exhaust port and 
a piston adapted at the limits of its nove 
ment in opposite- directions to open said 
port, of auxiliary exhaust valves, means for 
operating said valves, and a governor con 
nected with said valve operating means and 
adapted when the engine runs below a cer 
tain speed to cause the opening of said valves 
during the latter part of the return strokes 
of the piston. 

2. in an engine the combination with a 
cylinder having a central exhaust port and 
auxiliary exhaust, ports at the ends and a 
piston adapted adjacent to the limits of its 
novement in opposite directions to uncover 
said central port, of valves controlling said 
auxiliary exhaust ports, valve operating 
mechanism comprising rocker arms con 
nected with said valves, rocking levers, trip 
hooks pivoted to said levers and adapted to 
engage with said arms to open said valves 
on the latter part of the return strokes of 
the piston, releasing lever's adapted to hold 
said hooks out of operative position, and 
means for turning said releasing lever's into 
position to render said valves active or in 
active. 

3. In an engine the combination with a 
cylinder having a central exhaust port and 
a reciprocating piston adapted at the limits 
of its movement in opposite directions to 
open said port, of auxiliary rotative exhaust 
valves, valve gear for opening and closing 
said valves comprising arms fixed on the 
alve stems, valve operating lever's fill 
crimed concentrically with the valve stems, 
trip hooks pivoted to said levers and adapted 
to engage with said arms and to open the 
valves on the latter part of the retirn 
strokes of the piston, knock-off lever's adapt 
ed to turn said trip hooks out of operative 
position, and a governor connected with said 
knock-off levers and adapted when the en 
gine attains a certain speed to shift them 
into "eleasing position. 

-i." In an engine the combination with a 
cylinder 1aving a central exhaust port and 
axiliary exhaust ports at the ends, and a 
pistoil adapted to incover said central port 
adjacent to the limits of the movement of the 

S 

piston in opposite directions, of valves con 
trolling said auxiliary exhaust ports, valve 
operating mechanism comprising rocker arms 
connected with said valves, rocking levers, 
trip hooks pivoted to said levers and adapted 
by engagement with said arms to open said 
valves during the latter part of the return 
strokes of the piston, releasing level's adapt 
cd to hold said hooks out of operative posi 
tion, and means for shifting said releasing 
levers into position to render said valves 
active or inactive, said hooks being provided 
with shoulders adapted by engageinent with 
said artins to close said valves just before the 
beginning of the working strokes of the pis 
ton in whichever position the releasing lever's 
Inay be. - - - - - 

5. in an engine the combination with a 
cylinder having a central main exhaust port, 
auxiliary exhaust ports at the ends, and a 
jeciprocating piston adapted at the limits of 
its movement in opposite directions to un 
cover the central exhaust port, of auxiliary 
rotative exhaust valves controlling the auxil 
iary exhaust ports, valve gear for opening 
and closing said valves comprising arms 
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fixed on the valve stems, valve operating 
levers fulcrumed concentrically with the 
'alve steins, trip hooks pivoted to said levers 
and adapted by engagement with said arms 
to open said valves (turing the latter part of 
the return strokes of the piston, knock-off 
lever's adapted to turn said hooks out of 
operative position, and a governor connected 
with said knock-oil lever's and adapted to 
shift then into releasing position when the 
engine attains a certain speect, said hooks 
being provided with shot iders which are 
adapted to close said valves just before the 
beginning of the working strokes of the 
piston, when the knock-fi levers are in 
either position. 

(5. In an engine the coin bination with a 
cylinder having a cential exiast port and 
auxiliary exha list ports at the ends and a 
piston a cl: 5ted at the limits of its movement 
in opposite directions to incover said central 
port, of valves controlling said auxiliary 
ports, valvt operating inechanisin compris 
ing rocker arms connected with said valves, 
rocking lever's whose fulcruins are in axial 
a linement with the pivots of said arms, trip 
hooks pivoted to said levers and adapted by 
engagement with said arms to open said 
valves (during the latter part of the return 
strokes of the piston, incans tending to hold 
said hooks in opérative position for opening 
the valves, trip a rins connected with said 
hooks and provided with roller's in axial 
a linerient with the fulcians of said levers 
When the hooks are in operative position for 
opening the valves, releasing lever's adapted 
by engagement, with said rollers to turn and 
hold sail hooks out of operative position 
for opening the valves, and means for turn 
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ing said releasing level's into position to reli 
del the valves active or inactive. 

7. In an engine the combination with a 
cylinder having a central exhaust poit, aux 
iliary exhaust ports at the ends and a recip 
rocating piston adapted at the limits of its 
movement in opposite directions to uncover 
the central exhaust port, of auxiliary rota 

4) 
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tive exhaust waives controlling the auxiliary 
exhaust ports, valve gear for opening fund 
closing said valves comprising arms fixed on 
the valve stems, valve operating levers, full 
crumed concentrically with the valve stems, 
trip hooks pivoted to said lever's and adapted 
by engagement with said arms to open said 
alves during the atter part of the return 

strokes of the piston, springs tending to 
hold said hooks in operative position, trip 
arms connected with said hooks and pro 
vided with rollers in axial ailinement with 
the valve stems, when the hooks are in en 
gagin{r position, knock-off lever's adapted by 
engagement with said rollers to turn and 
hold said hooks out of operative position, 
and a governor connected with said knock 
"off levers and adapted when the engine at 
tains a certain speed to shift them into re 
leasing position. . . . . 

8. In an engine the combination of a cyl 
inder having a central exhaust port and aux 
iliary exhaust ports at the ends and a piston 
adapted at the limits of its movement to 
open said central port to opposite ends of 
the cylinder, of valves. controlling said aux 
iliary ports, valve operating mechanisin 
connprising rocker arms connected with said 
valves, rocking levers having their fulcrums 
in axial alinement with the pivots of said 
arms, .trip hooks pivoted to said levers and 
adapted by engagement with said arms. to 
open the valves during the latter part of the 
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return strokes of the piston, said hooks hav 
ing shoulders adapted to close the valves 
just before the beginning of the working 
strokes of the piston, stops for arresting and 
holding said arms with the valves in closed 
position, releasing levers adapted to turn 
and hold said hooks out of operative posi 
tion, and means for turning said releasing 
lever's into position to render the valves ac. 
tive or inactive. 

9. in an engine the combination with a 
cylinder having a central exhaust port, aux 
iliary exhaust ports at the ends and a recip 
locating piston adapted at the limits of its 
movement in opposite directions to uncover 
the central exhaust port, of auxiliary rota 
tive exhaust valves controlling the auxiliary 
exhaust ports, valve gear för opening and 
closing said valves comprising arms fixed on 
the valve stems, valve operating levers ful. 
crumed concentrically with the valve stems, 
trip hooks pivoted to said levers and adapt. 
ed by engagement with said arms to open 
said valves during the latter part. of the re 

closed position, knock-off "ev-23's 

strokes of the 

strokes of the 

turn strokes of the piston, said hooks belii: 
provided with shoulders which are adapted 
to close said valves just before the beginning . 
of the working strokes of the piston, stops 
for arresting and holding said valves in 

23's adapted to 
turn said hooks out of operative position, 
and a governor, connected with said ixitock 
off levers and adapted when the engine at 
stains a certain speed to shift them into re 
leasing position. 

10. In an engine the combination of a 
inder having a central exhaust pork and a 
iliary exhaust ports at the ends and a pis. 
ton adapted at the limits of its movci) eit to 
open said central port to opposite acts at 
the cylinder alternately, of y'alives control. 
ling said auxiliary exhaust, it is, t'aive of 
erating and releasing mechanis; ; ; dated to 
open said valves during the talker part, if 
the return strokes of the piston and to close 
them during the working strokes of the pis 
tion. a weighted lever connected with said 
valve. operating and releasing mechanisa 

C. :) . 

and tending to hold the same in releasing 
condition, and means for shifting said 

said weighted lever into position to cause 
mechanism to open said valves. 

11. In an engine the combination with 3. 
cylinder having a central exhaust port, aux 
iliary exhaust ports at the ends and a piston 
adapted at the limits of its in ovement in 
opposite directions to uncover the central 
exhaust port, of auxiliary exhaust, valves 
controlling the auxiliary exhaust ports, 
valve operating and releasing gear adapted 
to open the auxiliary exhaust valves during 

piston and to close said valves during the 
working strokes of the pistoy, a weighted 
lever connected with the Saive operating 
and relieasing gear and tendiiig. to prevent, 
the opening of said exhaust valves, and it 
governor connected with said weighted lever 
and adapted when the engine attains a cer 
tain speed to shift said weighted ever to 
cause the valve gear to open ti A- he exhaust, 
valves during the latter part of the return 

piston, - 

12. In an engine the combination of a cyl 
inder having a central exhaust port and 
piston adapted at the limits of its movement, 
to alternately open said central port to op 
posite ends of the cylinder, of valves con 
trolling said auxiliary ports, valve operat 
ing mechanisin comprising rocker airms con 
nected with said valves, rocking levers, hooks pivoted to said levers and adapted by 
engagement with said arms to open the 
valves during the latter part of the return 

piston, trip arms connected 
With said hooks and provided with rollers 
which are in axial alinement with the full 
crums of said levers when the hooks are in 
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engaging position, releasing levers adapted 
by engagement with said rollers to turn, and 
hold said hooks out of engaging position, 
and means for manually shifting said re 
leasing levers into position to prevent open 
ing said valves. 

13. In an engine the combination with a 
cylinder having a central exhaust port, aux 
iliary exhaust ports at the ends and a piston 
adapted at the limits of its stroke to uncover 
the central port, of valves controlling said 
auxiliary exha list ports, means for operat 
ing said valves, a governor connected with 
Said valve operating means and adapted 
Whell the engine attains a certain speed to 

automatically arrest the operation of said 
alves and when the engine runs below that 

speed to automatically cause the opening of 

5 

Said valves during the latter part of the re 
turn strokes of the piston, and a connection 
for manually releasing the valve operating 
gear to permit the valves to remain closed 
independently of the governor. 
In witness whereof I hereto affix my sig 

nature in presence of two witnesses. 
BRUNO V. NORDBERG. 

Witnesses: 
CHAs. L. Goss, 
E. C. BAYERLEIN. 
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